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PREDICTION OF STRAIN-DEFORMATION CONDITION
OF NODES STEEL-CONCRETE COMPOSITE COLUMNS
BY MEANS OF COMPUTER SIMULATION

Pipe-concrete began to be used as building construction nearly a century ago and
recently becoming popular in industrial and civil construction. It is more technical and cost-
effective, easier and so less weight structures 1.5-2 times compared to reinforced concrete [1].
Comparing this structure with metal, we can mention cost reduction up to 20% by reducing
the cost of steel.

The study of pipe-concrete structures involved in PoltNTU in different years
L.I. Storozhenko, S.P. Voskobiynyk, V.F.Pents, V.M. Timoshenko, D.A.Ermolenko,
0O.V. Semko and other [1, 2]. Overseas research of the properties and characteristics of steel
concrete structures began to engage in a relatively long time ago which is reflected in the
norms of the European Eurocode and building norms of other countries [3]. However,
currently there are no native standardized methods for calculating pipe-concrete constructions
nodes.

Goal of this article is to report the results of theoretical research by nodes steel-concrete
composite columns of the finite element method to optimize the program of experimental
tests of this type of structures.

The numerical experiment was carried out in order to optimize the program follow a
series of experimental studies of similar samples. Calculations were performed using the
software package MSC NASTRAN for Windows [4].

Grid finite element of models was established with tetrahedral. Grid Size — 4 mm,
which is equal to the thickness of the pipe. Material samples — Steel — was set as elastic-
plastic. Was given strain diagram c-g, obtained from the determination of physical and
mechanical properties of steel strips cut from samples. Shipping to samples and conditions of
fastening meet actual conditions that were created during the experimental studies, loading
and fastening was carried out with plates along their axis.

In order to test the validity of theoretical research of a series of similar experiment test
samples.

As a result of experimental and numerical studies nodes steel pipes were installed
location of occurrence of stress concentration and nature of deformation. Figures 1 and 2
shows the appearance of the samples after testing the compressive and tensile respectively.
Bright colors on models (Figures 1 b) and 2 b) determined the maximum stresses.

After a series of experiments determined the nature of the deformation nodes steel pipe
with plates: plates stretching all the largest deformation occurred in the pipe near the end
plates in the direction perpendicular to the itself plate-orthogonal section of the pipe, thus
confirming previous numerical study sample models by finite element method (see Fig. 1 b)
and 2 b).

During testing in compression was observed somewhat different picture: almost all
plates at compression lose local stability under the applied effort than plates width 120 mm
and 160 mm thickness 8 mm, the use of which there were significant deformation of the pipes
in the ground, similar to that of tensile.
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b)
Figure 1. General view of the sample after tensile: a) test setup; b) computer simulation

a)

Figure 2. General view of the sample after pressing: a) test setup; b) computer simulation

The next stage of research was modeling real nodes steel-concrete composite columns
of double-T profile beams. Calculations were made for the column diameter 159 mm, with
wall thickness 3, 5 and 7 mm, I-beams number 20, 20B1, 20W1, 20K1. In the table 1
calculation results in the first column written area I-beams, the numbers of the corresponding
I-beams. Concentrated efforts were placed on the central axis of the upper zone beams
eccentricity of 100 mm, 300 mm, 500 mm from the center column.

Table 1 — The value of main stress (MPa) at 3 kN force,
located eccentricity of 500 mm from the center of the column

The wall thickness of pipe, mm
Area shelves beams, ;
mm? In steel columns In the pipe-concrete columns

3 5 7 3 5 7
840 (20) 228.7 110.6 71.8 21.5 18.2 16.7
850 (20B1) 177.5 97.4 62.9 20.15 15.8 12.1
1350 (20W1) 115.1 53.2 31.6 16.2 6.4 1.7
2000 (20K 1) 14.11 10.87 9.7 12.8 43 1.1
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From the obtained data (Table 1), we can conclude that despite the fact that the I-beams
20K 1 heavier than most close to him as a result of I-beams 20W1 (25%), but less tension in it
at 3.19 times. Concerning the dependence of stress by changing the wall of the tube, the most
effective variant with a wall with thickness 7 mm, as less stress by 42%, while a higher
consumption of steel by 36% than in 5 mm pipe with wall to wall variant 3 mm is inefficient
from the same reasons.

So in the future to simulate samples loaded various eccentricities used pipe diameter of
159 mm and wall thickness of 7 mm as the most appropriate variant under consideration of
the above. To enable further comparison of the results, the strength increased proportionally
reduced eccentricity as 500 mm for the force is 3 kN to 300 mm — 5 kN to 100 mm — 15 kN.

Table 2 — The value of the main stresses (MPa) for various eccentricities external load

Eccentricities, mm
Area shelves beams, > -

J In steel columns In the pipe-concrete column

100 300 500 100 300 500

840 (20) 61.6 69.5 71.2 10.3 12.3 16.7

850 (20B1) 484 55.9 62.1 12.8 10.2 12.1

1350 (201111) 34.5 28.6 31.4 12.6 8.7 1.7

2000 (20K 1) 13.2 8.15 9.7 5.3 5.4 1.1

The results (Table 2) show that there is no direct correlation between eccentricity of the
applied forces and stresses in areas of stress concentration (ie, at the junction of pins and
columns); there are different work materials. When eccentricity 300 and 500 mm when using
steel columns, the principal stresses at the junction of the upper and lower belt of the column
was about equal and a value of 100 mm beams junction with the column starts to work to cut,
and the lower belt works the local stretching in contrast to previous cases (Fig. 3).

Figure 3. Distribution of stresses in the samples depending on the eccentricity
(500 mm and 100 mm, respectively)

As a result of the research the following conclusions: the use of a computer program to
simulate the strain-deformation condition of nodes steel-concrete composite columns revealed
a place for the construction of major stress. During next experimental and theoretical research
on these places should pay particular attention.
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